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(g) Method and apparatus for making glass. 

@ In a flame hydrolysis method for depositing glass soot used ultimately to make optical fiber, the 
reactant that forms the glassy soot stream is delivered to the torch (20) in liquid form and an ultrasonic 
nozzle (34) in the torch atomizes the reactant or breaks the reactant into a fine mist 
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Technical Field 

This invention relates to methods for making 
glass bodies and, more particularly, to methods and 
apparatus for depositing glass soot that is subse- s 
quently used for making optical fibers. 

Background of the Invention 

Optical fibers have become increasingly import- 10 
ant as a medium for transmitting large quantities of 
information in the form of lightwaves. There are a 
number of ways of making optical fiber, but most 
require the deposition of glass soot from a flame, a 
process known generally as flame pyroiysis or flame is 
hydrolysis. 

One glass deposition method, referred to as Out- 
side Vapor Deposition (OVD), involves deposition of 
glass soot by flame pyroiysis on a mandrel to form a 
hollow cylindrical porous soot form of glass particu- 20 
late. The deposited porous soot cylinder is then con- 
solidated into a glass substrate tube by heating the* 
soot cylinder, which is mounted on a mandrel, in a 
furnace. A glass preform can be made from the glass 
substrate tube by vapor depositing glass on the inner 25 
surface of the tube and then collapsing the entire 
structure. The collapsed structure can be used 
directly as a preform or it can be enlarged by inserting 
it into another tube, called an overclad tube, in accord- 
ance with the "rod-in-tube" approach, as described, 30 
for example, in the U.S. patent of J. W. Baumgart, et 
al., No. 4,820,322, granted April 11, 1989. The optical 
fiber is made by using glass drawing to pull the fiber 
from the heated and softened finished preform. 

Another deposition method for making glass is 35 
the Vapor-phase Axial Deposition (VAD) method, as 
described, for example, in the U.S. patent of S. E. Mil- 
ler, No. 3,966,446, granted June 29, 1976, and in the 
U.S. patent of Kawachi et al., No. 4,345,928, issued 
August 24, 1 982. Glass soot is deposited from a flame 40 
onto a bait rod, which is rotated and slowly moved 
away from the flame resulting in a substantially solid 
soot cylinder. After consolidation, the solid structure 
may be used as a preform or, as before, enlarged by 
the rod-in-tube process to make the final preform. 45 

In any method that is used, the cladding or outer 
surface portion of the final optical fiber must have a 
tower refractive index than that of the core, and this is 
normally accomplished by including impurities in 
either or both the clad region and/or the core region so 
to modify the refractive index of the glass. The U.S. 
patent of D. W. Monroe etal., No. 4,915,716, granted 
April 10, 1990, for example, describes a germanium 
constituent in the flame, which has the effect of 
increasing the refractive index. Flame pyroiysis, 55 
whether or not it includes a doping constituent, has 
thus become virtually indispensable for making high 
quality glass to be used as preforms, substrate tubes 
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or overclad tubes. 

From the foregoing, one can see that making 
glass by flame pyroiysis with subsequent consoli- 
dation of the deposited glass soot is used in a number 
of different ways to fabricate the preforms from which 
optical fiber may be drawn. The use of optical fiber as 
a transmission medium has become so widespread 
that it is now considered a commodity product, and 
great efforts are being made to achieve small reduc- 
tions in the cost of making it. If one could increase the 
rate at which the glass soot is deposited by the flame 
pyroiysis method, it is recognized that one could 
reduce the cost of the optical fiber product. 

Summary of the Invention 

The invention reduces the cost of making optical 
fiber by increasing the rate at which glass soot can be 
deposited by the flame pyroiysis method. The inven- 
tion makes use of a generally conventional torch of 
the type that projects a fuel, typically a gas, that is 
ignited to form a flame. As with the prior art, reactants 
are also projected from the torch having appropriate 
composition and appropriate properties so as to react 
at the temperature produced in the flame to form a 
stream of glass particulate. The glass may be collec- 
ted on a mandrel to form a glass soot cylinder in 
accordance with the OVD method or it may be used 
to produce a solid soot cylinder in accordance with the 
VAD method. 

In accordance with the invention, the reactant is 
fed to the torch in liquid form (rather than gaseous 
form as is characteristic of the prior art) and is 
atomized or converted to a fine mist by an ultrasonic 
nozzle contained within the torch. The ultrasonic 
nozzle ejects the mist in the direction of the flame 
thereby causing it to react to form a glass soot stream. 
We have found that forming the glass soot stream in 
this manner significantly increases the rate of deposi- 
tion of glass soot, and thus reduces the time needed 
for forming the soot cylinder. Of equal importance is 
our finding that the quality and uniformity of glass soot 
cylinders made in this manner are the equivalent of 
those made in the conventional manner. 

In the torches that we have made thus far, fuel 
and oxygen-containing gases are projected from 
annular openings in the torch or arrays of circularly 
disposed openings, as is known in the art, to form a 
flame front having generally circular configuration in 
the plane transverse to the direction of projection of 
the gases. The ultrasonic nozzle is mounted in the 
torch such as to emit the liquid reactant mist in the 
same direction as the gases and within, and prefer- 
ably at or near the center of, the circular flame front. 
The liquid reactant may be silicon tetrachloride, 
although other reactants could be used. With the use 
of the invention, it can be shown that the deposition 
rate of the glass soot is greatly increased, thus reduc- 
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ing the cost of soot cylinders and of the final optical 
fiber product. The invention also makes it easier to 
deliver the reactant to the torch and to control such 
delivery since it need not first be converted to a vapor 
as has been true in prior art deposition methods. 5 
Thus, the cost of delivery is reduced and reproducibi- 
lity of the procedure is enhanced. These and other 
objects, features and benefits of the invention will be 
better understood frbm a consideration of the follow- 
ing detailed description taken in conjunction with the 10 
accompanying drawing. 

Brief Description of the Drawing 

FIG. 1 is a flow chart of certain methods for mak- 1 s 
ing optical fibers with which the invention may be 
used; 

FIG. 2 is a schematic illustration of flame deposi- 
tion of glass soot in accordance with an illustra- 
tive embodiment of the invention; 20 
FIG. 3 is a schematic illustration of torch 
apparatus that may be used in accordance with 
an illustrative embodiment of the invention; 
FIG. 4 is a view taken along lines 4-4 of FIG. 3; 
FIG. 5 is a view of part of an ultrasonic nozzle that 25 
may be used in the apparatus of FIG. 3; and 
FIG. 6 is a schematic view showing the flame dep- 
osition of glass soot in accordance with another 
embodiment of the invention. 

30 

Detailed Description 

It is to be understood that vinous elements of the 
drawings are not intended to be drawn to scale, but 
instead are sometimes purposely distorted for the pur- 35 
pose of illustrating the invention. Further, it is to be 
noted that the present invention explicitly contem- 
plates both single mode and multi-mode optical fiber 
light guides, and doped and undoped glass, regard- 
less of any specific description in the drawing or 40 
example set forth herein. 

Referring now to FIG. 1, there is shown in flow 
chart form one method of making optical fiber in which 
the invention may be used. The first step 10 com- 
prises deposition by flame pyrolysis of glass soot on 45 
a mandrel so as to make a soot cylinder. The next step 
11 is to consolidate or to sinter the hollow soot cylin- 
der into a glass tube. This step may be accomplished 
by heating the soot cylinder in a furnace as described 
in some detail in the copending application of T. J. Mil- so 
leretal., Serial No. 459,605, filed January 2, 1990 and 
assigned jointly to the assignee company of the pre- 
sent application and a subsidiary company thereof. 
Step 12 is to draw the consolidated glass to a sub- 
strate tube of appropriate diameter. Next, as illus- 55 
trated by step 13, glass is vapor deposited on the 
inner surface of the substrate tube by the method 
taught, for example, in the U.S. patent of MacChes- 



ney et al., No. 4,217,027, granted August 12, 1980, 
and in the paper, "Fabrication of Optical Waveguides 
by the Vapor Deposition Process," by P. C. Schultz, 
Proceedings of the IEEE, Vol. 68, No. 10, October 
1980, pp. 1187-1190, now generally known as the 
Modified Chemical Vapor Deposition (MCVD) tech- 
nique. After MCVD deposition, the substrate tube is 
collapsed as shown by step 14. The collapsed glass 
constitutes a preform, which may be drawn into an 
optical fiber as shown by step 15 or, optionally, prior 
to drawing by step 15, it may be fit into an overclad 
tube in accordance with the aforementioned rod-in- 
tube process as shown by step 16. The overclad tube 
in turn is typically made in the same manner as the 
MCVD substrate tube; that is, it is flame deposited 
onto a mandrel as shown by step 17 and thereafter 
consolidated and drawn as shown by steps 1 8 and 1 9. 
Steps 12 and 19 can optionally be omitted if consoli- 
dation yields tubes of appropriate diameter. 

FIG. 2 is a schematic illustration that may be 
taken as illustrating flame deposition of a hollow soot 
cylinder in accordance with either the prior art or the 
present invention. A torch 20 projects an oxygen-con- 
taining gas and a fuel gas, which is ignited to form a 
flame 21. The torch also projects a silicon-containing 
material that reacts at the high temperature of the film 
to form a glassy soot that is deposited on a solid cylin- 
drical mandrel 22 to form a hollow cylindrical soot cyli- 
nder 23. In accordance with the prior art, the 
silicon-containing reactant is transported to the torch 
20 in gaseous form and projected under pressure 
from the torch 20 so as to be within the flame 21 . This 
method of making either substrate tubes in accord- 
ance with step 10 of FIG. 1, or overclad tubes in 
accordance with step 17, results in glass of the purity 
and homogeneity required for ultimate fabrication into 
optical fibers. The rate at which such glass soot can 
be deposited, however, is limited and it is known in the 
art that if the rate of soot deposition could be signific- 
antly increased, the final cost of the finished optical 
fiber could, in effect, be reduced. 

Referring to FIG. 3, there is shown a torch 20 in 
accordance with the invention that may be used to 
deposit glass soot as illustrated in FIG. 2. As with the 
prior art, there is delivered to the torch an oxygen-con- 
taining gas, which may be pure oxygen from a source 
25, and a fuel gas, which may be delivered from a 
source 26 of methane plus oxygen. These gases are 
transmitted under pressure to the torch 20 and are 
projected through orifices and ignited so as to form the 
flame 21 of FIG. 2. More particularly, oxygen is pro- 
jected from orifices 28 and 29 while fuel gas is projec- 
ted from orifice 30. As shown in FIG. 4, these orifices 
are basically annular in shape which leads to a flame 
front having a circular configuration in a plane trans- 
verse to the axis of the torch. More specifically, where 
the fuel gas from orifice 30 meets oxygen from orifice 
28 may form a cylindrical flame front which surrounds 
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a flame front formed by oxygen from orifice 29 and fuel 
from orifice 30, although in principle a single flame 
front could provide the heat needed for a reaction. 

In accordance with the invention, a liquid silicon- 
containing reactant (rather than a gaseous reactant) s 
from a source 32 is delivered via a pipe 33 to an 
ultrasonic nozzle 34. The ultrasonic nozzle uses high 
frequency acoustic energy to atomize or to break the 
liquid into a fine mist which is projected through a 
central orifice 35 shown in FIGs. 3 and 4. The silicon- 10 
containing liquid is illustratively silicon tetrachloride 
(SiCI 4 ) which, in its normal state, is a liquid. In prior art 
systems, such liquid is carried as a vapor by a met- 
ered carrier gas that is bubbled through a temperature 
controlled reservoir of the liquid reactant. Control of 15 
the rate of delivery of vapor in this manner is relatively 
expensive and relatively unreliable. 

The delivery of the liquid to the acoustic nozzle is 
controlled by a pump 36. The nozzle 34 is of a con- 
ventional and well-known structure that atomizes the 20 
liquid to a fine mist composed of droplets approxim- 
ately twenty to fifty microns in diameter. The velocity 
of projection of the atomized liquid from orifice 35 is 
comparatively low, typically 0.2 to 0.4 meters per sec- 
ond. This is much slower than other liquid atomizer 25 
projection velocities, that can typically be as much as 
twenty meters per second. We have determined that 
this slow velocity contributes to the relatively high rate 
of deposition, which is about thirty-five percent higher 
than deposition by a conventional system using a car- 30 
rier gas and bubbler apparatus.. The orifice 35 pref- 
erably has a diameter of between 0,020 and 0.250 
inch, typically 0.052 inch. 

The ultrasonic nozzle 34 which was used in our 
experiments is known as Model 8700-120, which is 35 
commercially available from the Sono-Tek Corpor- 
ation of Poughkeepsie, New York. The configuration 
of the orifice 35 is shown in greater detail in FIG. 5. 
The surface 37 of the ultrasonic nozzle was made to 
be coplanar with the surfaces defining the other 40 
orifices of torch 20. Several other nozzle configu- 
rations are available from the Sono-Tek Company, 
but the one that was chosen has the flat surface 37 
generally depicted in FIG. 5. Subsequent experiments 
indicate that an orifice recessed.020 inch may offer 45 
some advantages. The pump 36 was a Model 184 
pump, commercially available from the Micropump 
Company, Concord, California, and was chosen to 
deliver a reproducible, pulseless flow of liquid to the 
ultrasonic nozzle 34. The pipe 33 was one-eighth inch so 
outer diameter teflon (TM) tubing. The rate of delivery 
was between fifteen cubic centimeters per minute of 
liquid SiCI 4 and twenty-one cc/minute, although other 
pump rates could be chosen. The nozzle 34 was oper- 
ated at 1 20 kilohertz and a power setting of about two 55 
watts was found to provide good atomization at a flow 
rate of fifteen cc/minute, although somewhat higher 
power settings should be used for higher rates of flow. 



Referring to FIG. 2, the experiments used a rotat- 
ing quartz mandrel 22. All experiments were carried 
out with a rotation speed of two hundred rotations per 
minute. The mandrel was moved axially at a rate of 
1.5 centimeters a second to allow deposition over 
twenty-six centimeters of its length. 

Studies after deposition showed complete reac- 
tion of the silicon tetrachloride in the flame producing 
fine particles of the desired glass soot (Si0 2 ) material. 
Our studies show that the material is essentially the 
same as the soot cylinders produced by conventional 
all-gaseous systems. Consolidation of the glass did 
not result in defects such as voids that might be pro- 
duced if the soot deposition included some un reacted 
material. It is expected that further experiments in 
torch and/or nozzle design will lead to further optimi- 
zation and greater increases in the deposition rate of 
the glass. 

The invention may be used in the VAD flame hyd- 
rolysis method shown in FIG. 6 as well as the OVD 
method which has been described. In the VAD 
method, a torch 40 produces aflame 38 for depositing 
glass soot 39 on a bait rod that is rotated and moved 
axially upwardly as shown by the arrows. As is known, 
with this technique one achieves a solid soot cylinder 
which may be consolidated to constitute a fully 
defined preform, or which may be fitted into an over- 
clad tube as described before to enlarge its diameter. 
As before, optical fiber is drawn by glass drawing from 
the heated and partially molten glass preform. 

Little discussion has been made regarding dop- 
ing of the glass soot, but it should be understood that 
appropriate dopants could be used with the flame 
pyrolysis method described. These dopants could be 
delivered with the liquid precursor to the ultrasonic 
nozzle, or they could be delivered through another 
orifice in gaseous form. 

There appears to be no particular need for any 
specific parameters of the acoustic energy such as 
frequency that are required and no particular struc- 
tural refinements needed; rather, the ultrasonic 
nozzle used was an "off the shelf product that was 
retrofit into the torch in a straightforward manner. The 
invention has been demonstrated with the torch con- 
struction generally shown in FIGs. 3 and 4, and it 
should be understood that circular arrays of apertures 
could be substituted for the annular apertures 28, 29 
and 30. Hydrogen is often used as the fuel gas which 
is surface mixed with oxygen at the face of the torch. 
As another alternative, the fuel could be mixed with 
the liquid reactant and atomized with the reactant. In 
this case the atomized droplets themselves combust 
or bum to provide heat for the reaction. If liquid tet- 
raethylorthosilicate were used as the reactant or sili- 
con source, there would be no need for a separate fuel 
source since that material itself is combustible. Diffe- 
rent materials could be used as the mandrel 22 of FIG. 
2 upon which deposition is made. Vinous other mod- 
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ifications may be made by those skilled in the art with- 
out departing from the spirit and scope of the inven- 
tion. 



Claims 

1 . A method for making optical fiber comprising the 
steps of: depositing glass soot on a support struc- 
ture comprising the steps of (a) projecting from a 10 
torch a fuel, the fuel being ignited to form a flame, 

(b) projecting from the torch a reactant of approp- 
riate composition and having appropriate proper- 
ties so as to react at the temperatures produced 
in the flame to form a stream of glass soot and (c) 15 
collecting the soot to form a soot structure; con- 
solidating the soot structure to a glass structure 
and using the consolidated glass structure as at 
least a component part of an optical fiber preform; 
and drawing an optical fiber from the preform, 20 
characterised in that 

the reactant is delivered in liquid form to 
the torch; 

and the reactant is formed into a fine mist 
by subjecting the liquid reactant to high frequency 25 
acoustic energy. 

2. The method of claim 1 wherein: 

both the fuel and the liquid reactant com- 
prise liquid tetraethylorthosilicate. 30 

3. A method for making glass comprising the steps 
of: depositing glass soot comprising the steps of 
(a) projecting from a torch a fuel gas and an oxy- 
gen-containing gas, the fuel gas being ignited to 35 
form a flame, (b) projecting from the torch a reac- 
tant of appropriate composition and having 
appropriate properties so as to react at the tem- 
peratures produced in the flame to form a stream 

of glass soot and (c) collecting the soot to form a 40 
soot structure; and consolidating the soot struc- 
ture to form a glass structure, characterised in 
that 

the reactant is delivered in liquid form to 
the torch; 45 

and the reactant is formed into a fine mist 
by subjecting the liquid reactant to high frequency 
acoustic energy. 

4. The method of claim 1 or 3, wherein: 50 

the liquid reactant comprises silicon tet- 
rachloride. 



the fuel gas and oxygen-containing gas are pro- 
jected; 

and liquid reactant mist is projected along 
a path within the substantially circular flame front. 

6. The method of claim 1 or 5, wherein: 

the liquid reactant mist is projected from 
the torch at a velocity of less than about 0.8 
meters per second. 

7. The method of claim 6, wherein: 

the mist is projected at a velocity of about 
0.2 to about 0.4 meters per second. 

8. The method of claim 3 wherein: 

the glass structure is used as an optical 
fiber preform. 

9. The method of claim 3 wherein: 

the glass structure is used as an overctad 
tube for enlarging the diameter of an optical fiber 
preform. 

10. The method of claim 3 wherein: 

the glass structure is used as a substrate 
tube for the deposition of glass by the MCVD 
method. 



5. The method of claim 1 or 4, wherein: 

the oxygen-containing gas and the fuel 55 
gas are projected such as to form a flame front 
having a substantially circular configuration in a 
section taken transverse to the direction in which 
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